P-wave attenuation in the water-saturated granular medium depends on both the frequency and the grain size. In this study, the use of the attenuation dispersion for the determination of grain size distribution in the water-saturated granular medium is discussed. For the dense granular medium, mathematical model considering multiple scattering is used for regression algorithm by fitting model predictions to the measured attenuation data. Inversion of grain size distribution is carried out numerically, and the results are discussed and compared to measured data for the water-saturated glass beads with unimodal and bimodal distributions.
INTRODUCTION
Compressional wave attenuation in water-saturated granular medium depends on both the frequency and grain size. Recently, the effect of the grain size distribution on the attenuation has been investigated through experimental works, and a variety of grain size dependence on the attenuation has been reported. However, since the p-wave attenuation depends on both the frequency and grain size, the attenuation spectra contain information about the grain size. Therefore, acoustic attenuation spectra can be used for grain sizing.
In this paper, the use of the attenuation dispersion for the determination of grain size distribution in the watersaturated granular medium is discussed. For the dense granular medium, QCA (quasi-crystalline approximation) multiple scattering model considering correlation between particles is used for mathematical modeling. Predictions obtained by this model are fitted to the measured attenuation data, and grain size distribution is numerically estimated. The results are compared to measured data for the water-saturated glass beads with unimodal and bimodal distributions.
MODELING
In the high frequency range, a scattering between grain and composite medium plays an important role in acoustic propagation. For dense granular medium, multiple scattering model can be used for modeling. Particularly, if position-correlation between the grains is regarded, pair-correlation function must be correctly defined. We used Percus-Yevick (PY) equation for pair-correlation function. QCA multiple scattering equation can be expressed as following implicit form for the effective wavenumber considering correlation in the grains. 
where K is the effective wavenumber, k is the wavenumber of background medium, 0 n is the number of grains 
GRAIN SIZE DISTRIBUTION
Equation (1) regards grains as uniform size distribution. The solutions containing different size grains can be obtained by average over grain size distribution as follows:
In this equation, ( ) p d is the probability density function. If the grain diameter is normally distributed, the probability density function can be described by a normal distribution, 
where V is the standard deviation, and med d is the mean diameter of grains. 
